A key issue in using alternative lead-free solder is the evaluation of long-term reliability, such as thermal fatigue. In this paper, an estimation method for the thermal fatigue of Sn-Ag-Cu lead-free solder joints using an inelastic constitutive model was studied. First, the mechanical properties of Sn-Ag-Cu lead-free solders were investigated in order to model the inelastic constitutive equation for finite element analysis. Tensile tests and constant load creep tests were carried out. Next, an inelastic constitutive model was investigated. In the modeling, the inelastic strain rate was decomference between applied stress and back stress. Finally, in order to investigate the applicability of the proposed constitutive model for Sn-Ag-Cu lead-free solder, finite element analysis was carried out for the solder joints in a quad flat package. The estimation for the fatigue crack initiation was in good agreement with the actual thermal cycle tests for the quad flat package.
Introduction
The fatigue life estimation for micro solder joints i one of the most critical technologies for reliable IC packages. Therefore there have been many studies o fatigue life estimation for solder joints. Most have beer based on fatigue life tests and the finite element analy sis (FEA). The authors also proposed an estimatiol method for the fatigue life of Sn-Pb eutectic solde joints based on the FEA using the simple elastic-creel model1),2).
Recently, increasing environmental and health con cerns regarding lead toxicity have stimulated much re search into alternative lead-free solders for electronic assemblies. Many evaluations, including melting temperature and solderability, have been performed as part of the adoption of lead-free soldering. A key issue in using alternative solder alloys is the evaluation of long-term reliability, such as thermal fatigue.
For accurate estimation of the thermal fatigue life based on finite element analysis, an inelastic constitutive model which can describe the time dependent deformation has been required. However, there are few reports of development for the constitutive model and of its applicability. This paper reports the mechanical properties of the Sn-Ag-Cu lead-free solder and estimation method for the thermal fatigue of solder joints based on the FEA using a new constitutive model. creep rate and applied stress in creep tests, and the relationship between strain rate (36%/hr= 0.01%/sec and 360%/hr=0.1%/sec) and tensile strength in tensile tests. Both tensile and creep behavior are best described by the following Norton power law for steadystate time dependent deformation behavior.
•¬(1) An inelastic constitutive model was investigated. In the modeling, the inelastic strain rate was decomposed into the steady-state part depending on applied stress and the transient part driven by the difference between applied stress and back stress.
Finite element analysis was carried out for the solder joints in a quad flat package. The inelastic deformation of the lead-free solder was successfully simulated. The estimation fatigue life for the fatigue crack initiation was in good agreement with the actual ther- 
